A new, effective preparative method has been proposed and the synthesis of a series of N- (arylalkyl)-1-R-4-hydroxy-2,2-dioxo-1H-2λ 6
Introduction
The idea of creating the "ideal analgesic" was born in the middle of the last century and has not yet found practical implementation, but nowadays it actively continues to attract the attention of scientists of different specialties [1] [2] [3] [4] [5] . The undying interest in the given problem becomes quite clear and understandable, just by remembering that the feeling of pain to some extent is familiar to all of us. Appearing as unpleasant, depressing, if not unbearable sensations, pain first signals danger and thus plays an important role in protecting human health and even life. However, this does not mean that it should be borne. Strong and long-lasting pain stimulation exhausts the internal resources of the organism causing serious disorders of its vital functions. Therefore, the fight against pain and pain syndromes is recognized as one of the priority problems of medicine [6] .
Modern science offers a wide range of methods for relieving pain and for pain control. However, the main role still belongs to medicines [7] , and their improvement is conducted in different ways. For example, the methodology of creating combined drugs has had good results. It has appeared that the simultaneous intake of several substances with different mechanisms of pain suppression provides more profound analgesic effects in general than each component separately [8] [9] [10] . An important event of modern pharmacotherapy is the introduction of suitable dosage forms of analgesics -retard tablets and transdermal therapeutic systems. Their single use can maintain the desired concentration of the drug in blood for a long time, and thus an adequate level of analgesia, thereby greatly improving the quality of life of patients with chronic pain [11] [12] [13] . The numerous variants of their chemical modification are widely and fruitfully used to optimize certain properties of drugs that are already known [14] .
Unfortunately, completely new or innovative analgesics do not often appear. It is not an easy task to find unexplored and, at the same time, promising classes of chemical compounds. Sometimes nature itself gives very useful tips for finding such compounds in substances that are produced by plants or animals and are highly active. These are often familiar to humans with their unique properties, and they are isolated in a pure form and subject to thorough pharmacological testing [15] [16] [17] [18] [19] . It is clear that not every study of this kind ends with the creation of a specific drug, however, the importance of the information obtained is undoubted for further research.
Our choice for study subjects is based on a principle that is controversial, but nevertheless frequently used by medicinal chemists: similar substances should exhibit similar biological activity [20] . In other words, we have chosen 4-hydroxy-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxamides I (Fig. 1 ) based on the fact that they are isomers of nonsteroidal anti-inflammatory drugs from the group of oxicams II, they differ only with a reciprocal arrangement of atoms of nitrogen and sulfur in the thiazine fragment, and have perfectly proven themselves in medical practice as pain killers [7] . At the same time, amides I can be considered as sulfo analogues of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides III; powerful analgesics have also been found among them [21] . Finally, considering the fact that due to the lack of efficient methods for synthesis so far, derivatives of 4-hydroxy-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxylic acids remain the class of chemical compounds that is almost unstudied. It should be noted that some of 1-N-methyl substituted carboxamides I have already been obtained by the reaction of 1-methyl-3,4-dihydro-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-one (V) and isocyanates. This four-step synthetic pathway (Fig. 2) was suggested more than 40 years ago [22] . But it is rarely used and usually only if it is necessary to obtain amides I as model compounds [23] . Its major disadvantage is low yield at the first two stages of the synthesis of 2,l-benzothiazine V. Also, the use of isocyanates, which are often expensive or even unavailable reagents, appears to be the weakest link. 
Results and Discussion

Chemistry
A completely different three-step scheme of assembling target amides 1a-s has been proposed, its key stage is amidation of alkyl 1-R-4-hydroxy-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxylates [24] 2a,b with the primary amines in dry, boiling xylene (Scheme 1). The method has not been worked out yet; however, it initially has the advantage, which is important for any work devoted to the search of the "structure -property" regularities, of the ability to use an unlimited and readily available range of the most diverse amines. This gives very good prospects.
In the synthesis of the nearest analogues of drugs of the oxicam series, N-hetaryl-4-hydroxy-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxamides [25] [26] [27] , our method has shown good results. There also are no problems in obtaining anilides [28, 29] . However, the reaction with 1H-1,2,4-triazol-5-amine takes place not so unambiguously, and in addition to the corresponding amides it unexpectedly leads to the formation of new condensed heterocyclic systems, triazolopyrimidobenzothiazines [30] . Our research is intended to explain how esters 2a,b will behave in the reaction with arylalkylamines and most importantly, how it will affect the biological properties of 4-hydroxy-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxamides. The interest of including N-(arylalkyl)-substituted derivatives 1 as the objects of study is based primarily on the fact that among 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides III, similar by their structures, arylalkylamides appeared to be the most powerful pain killers [21, [31] [32] [33] .
Our attempts to carry out amidation in methanol or ethanol using methyl 4-hydroxy-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxylate (2b) and benzylamine were unsuccessful: even after refluxing for 30 h, benzylamide 1e was not found in the reaction mixture. Unlike highly reactive alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylate, which forms the corresponding arylalkylamides in low-boiling alcohols very easily [31] [32] [33] , their sulfo analogues 2 appeared to be completely inert relative to the arylalkylamines in the same conditions. However, in more severe conditions, (xylene, refluxing), N-benzyl-4-hydroxy-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carbox-amide (1e) was synthesized with a good yield (Scheme 2). The quality control of crude benzylamide 1e by HPLC has demonstrated that it contains approximately 12% of the impurity, which according to the chromatographic characteristics was not the starting ester 2b. The 1 H-NMR spectrum of the above-mentioned sample showed that the benzylamine fragment was present in both amide 1e and in the impurity detected. Interested in this fact, it was decided to determine the real structure of the minor product of the studied reaction; from this, one can first understand and then eliminate the causes of its formation.
While slowly evaporating the mother liquor remaining after treatment of a crude benzylamide 1e with a strongly cooled acetone, we succeeded in growing some single crystals suitable for X-ray diffraction analysis. As a result, it has been clearly identified that the byproduct was N-benzyl-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-amine (4) . Of the features of the spatial structure of this compound (Fig. 3) , it may just be noted that its dihydrothiazine heterocycle is in "twist-boat" conformation (folding parameters [34] : S 0.66, Θ 53.4°, Ψ 28.9°). Deviations of atoms S (1) and С (8) from the mean square plane of the remaining atoms of the cycle are −0.95 and −0.37 Å, respectively. Both nitrogen atoms have a pyramidal configuration with a low degree of pyramidicity: N (1) -and N (2) -centered sums of bond angles are 355° and 356°, respectively. The benzyl substituent is in spconformation in relation to the endocyclic bond C (7) -C (8) , and its aromatic ring is in ар-conformation in relation to the C (7) -N (2) bond and is significantly turned in relation to the N (2) -C (9) bond.
Fig. 3.
The molecular structure of 4-N-benzylsubstituted benzothiazine 4 with atoms represented by thermal vibration ellipsoids of 50% probability.
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In our opinion, the most likely cause of the impurity of 4-benzylamino substituted benzothiazine 4 is the trivial presence of water in one of the reagents or solvent. Earlier, we mentioned several times the peculiarity of alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylate to react more readily with water than with amines at 120-150°С. At this temperature, hydrolysis has serious competition for amidation that all water present in the reaction mixture is involved in the formation of the corresponding quinoline-3-carboxylic acids. Those, in turn, quickly undergo decarboxylation. As a result, target 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides are contaminated by specific impurities, 4-hydroxyquinolin-2-ones [35, 36] .
It is obvious that there is the same side reaction in amidation of benzothiazine esters 2; moreover, they are hydrolyzed much easier than their 2-carbonyl analogues, and we even have not had a chance to isolate the intermediate benzothiazine-3-carboxylic acids 5 yet, due to their extreme instability [37] . The only difference is that benzothiazine analogues of 4-hydroxyquinolin-2-ones unsubstituted in position 3 exist predominantly in 4-ketoform V, and it is more significant in our case, in contrast to them and their synthetic precursors, esters 2, they possess a high reactivity in relation to N-nucleophiles. Therefore, byproducts of the reactions of benzothiazine esters 2 and arylalkylamines are not 4-hydroxy-(oxo)-benzothiazines V, but their 4-amino derivatives 4. It is this mechanism of appearance of the given impurities in
,1-benzothiazine-3-carboxamides 1a-s that is confirmed by formation of 4-N-benzylsubstituted benzothiazine 4 in the reaction of methyl-3,4-dihydro-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-one (V) and benzylamine in boiling methanol, i.e. under the conditions that are definitely unsuitable for amidation of esters 2. Differences in the rates of competing main and side reactions are still not very great. Otherwise, even a small amount of water quickly depleted on the hydrolysis of ester 2 would return again in the reaction mixture after the formation of 4-amino derivative 4, restarting the process of hydrolysis, etc. Thus, the amidation would be largely or even completely suppressed, but it does not correspond to the experimental data.
After determining the cause of specific impurities' appearance, it was not difficult to minimize an undesirable side reaction. For this purpose it is sufficient to remove water not only from the solvent, but from both reagents as well. Esters 2a,b are nonhygroscopic, they were dried in the air at room temperature. Commercial xylene and arylalkylamines were dried with anhydrous CaCl 2 in granules and КОН in tablets, respectively, followed by distillation. According to HPLC data in a new sample of benzylamide 1е obtained from reagents previously prepared, the content of the impurity of 4-amino derivative 4 decreased up to 0.05%, and it could be neglected. As a result, according to this method
Evaluation of the Analgesic Activity
Analysis of the experimental data presented in Table 1 shows that our choice of N-
,1-benzothiazine-3-carboxamides as targets of research is fully justified; each and all compounds exhibited analgesic properties. Moreover, it is possible to assert unequivocally that derivatives 1a-d unsubstituted in position 1 are not of practical interest because their activity is too weak. However, the 1-Nmethyl substituent cardinally changes the situation. Benzylamide 1е, for example, exceeds Meloxicam more than twice in the similar dose by the potency of its analgesic effect. Introduction of substituents in the aromatic nucleus of the benzyl fragment regardless of their position and nature is accompanied by a decrease in activity, moreover, in a fairly wide range. So, if in the case of 4-chloro-(1h) and 4-methylbenzylamide 1k it can be classified as minor, whereas 2-methyl-(1i) and 4-methoxy (1m) groups inactivate the basic molecule almost completely. The removal of the phenyl nucleus from the amide nitrogen atom for another methylene unit causes a similar effect as evidenced by the extremely weak analgesic effect of phenethylamide 1о. Interestingly, in this group of compounds, the substituents in the phenyl nucleus is markedly enhanced the activity, i.e. they cause quite the opposite effect compared to benzylamides. The elongation of the hydrocarbon chain separating the aromatic nucleus and the amide nitrogen atom by up to three methylene groups (3-phenylpropylamide 1r), as well as hydrogenation of the benzyl substituent (сyclohexylmethylamide 1s), lead to a decrease in activity approximately twice although it is still quite high at the level of Meloxicam.
Tab. 1.
The analgesic activity of arylalkylamides 1a-s, benzothiazine 4, V, and reference drugs. It is interesting to note a pronounced analgesic effect of the byproduct of the studied reaction, N-benzyl-1-methyl-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-amine (4) and especially its synthetic precursor, l-methyl-3,4-dihydro-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-one (V).
Experimental
Chemistry 1 Н-and 13 С-NMR spectra were acquired on a Varian Mercury-400 instrument (400 and 100 MHz, respectively) in DMSO-d 6 with TMS as internal standard. The chemical shift values were recorded on a δ scale and the coupling constants (J) in hertz. The following abbreviations were used in reporting spectra: s = singlet, d = doublet, t = triplet, quin = quintet, m = multiplet. Elemental analysis was performed on a Euro Vector EA-3000 Microanalyzer. Melting points were determined in a capillary using a Stuart SMP10 digital melting point apparatus. The reaction mixtures obtained after the reaction of ester 2b with benzylamine were analyzed on a modular Bischoff HPLC system with Lambda 1010 spectrophotometric detector (Bischoff Analysentechnik GmbH). The chromatographic conditions were: ProntoSIL 120-5-CN column of 4.0 × 250 mm; the sorbent particle size was 5 μm; the mobile phase flow rate was 1 ml/min; the column temperature was 40°С; the injection volume was 5 μl; detection at 254 nm; the mobile phase composition was MeCN-H 2 O (87.3:12.7%). The synthesis of alkyl 1-R-4-hydroxy-2,2-dioxo-1H-2λ 6 ,1-benzothiazine-3-carboxylates (2) was carried out by the method in the study [24] .
General Procedure for the Synthesis of N-(arylalkyl)-1-R-4-hydroxy-2,2-dioxo-1H-2λ
,1-benzothiazine-3-carboxamides (1a-s)
A mixture of ester 2 (0.01 mol), arylalkylamine (0.01 mol), and dry xylene (2 ml) was kept for 1 h at 150°С in a liquid metal bath using a suitable air-cooled distilling column that allowed us to distill off the methanol or ethanol formed without removing the xylene solvent. The reaction mixture was cooled, EtOH (5 ml) was added, and the mixture was left for several hours at room temperature. The crystalline amide 1 that precipitated was filtered off, washed with cold EtOH, dried, and recrystallized from EtOH. Arylalkylamides 1а-s were colorless crystals.
N-Benzyl-4-hydroxy-2,2-dioxo-1H-2λ
,1-benzothiazine-3-carboxamide (1a)
Yield: 94%; mp 183-185°C; 
4-Hydroxy-N-(4-methylbenzyl)-2,2-dioxo-1H-2λ
N-Benzyl-4-hydroxy-1-methyl-2,2-dioxo-1H-2λ
,1-benzothiazine-3-carboxamide (1e)
Yield: 92%; mp 143-145-°C; 
N-(4-Fluorobenzyl)-4-hydroxy-1-methyl-2,2-dioxo-1H-2λ
,1-benzothiazine-3-carboxamide (1f)
Yield: 89%; mp 161-163°C; 
N-(2-Chlorobenzyl)-4-hydroxy-1-methyl-2,2-dioxo-1H-2λ
,1-benzothiazine-3-carboxamide (1g)
Yield: 91%; mp 167-169°C; 140.8, 138.0, 135.5, 132.4, 130.0, 129.1, 127.1, 124.5, 119.0, 118.9, 103.5 (C-3) 
4-Hydroxy-1-methyl-N-(2-methylbenzyl)-2,2-dioxo-1Н-2λ
,1-benzothiazine-3-carboxamide (1i)
Yield: 85%; mp 170-172°C; 
4-Hydroxy-1-methyl-N-(3-methylbenzyl)-2,2-dioxo-1Н-2λ
,1-benzothiazine-3-carboxamide (1j)
Yield: 88%; mp 126-128°C; 
4-Hydroxy-1-methyl-N-(4-methylbenzyl)-2,2-dioxo-1Н-2λ
,1-benzothiazine-3-carboxamide (1k)
Yield: 87%; mp 131-133°C; 
4-Hydroxy-1-methyl-N-(2-methoxybenzyl)-2,2-dioxo-1Н-2λ
,1-benzothiazine-3-carboxamide (1l)
Yield: 90%; mp 165-167°C; Hydroxy-1-methyl-N-(4-methoxybenzyl)-2,2-dioxo-1Н-2λ 
4-
,1-benzothiazine-3-carboxamide (1m)
Yield: 87%; mp 119-121°C; Benzylamine (1.18 g, 0.011 mol) was added to a solution of 1-methyl-3,4-dihydro-2,2-dioxo-1H-2λ 6 ,1-benzothiazin-4-one (V) (2.11 g, 0.01 mol) in methanol (10 ml) and heated at reflux for 3 h. The reaction mixture was cooled, diluted by adding cold water, and brought to pH ~ 4 by adding acetic acid and was used in the isolation of 4-Nbenzylsubstituted benzothiazine 4. The precipitate formed was filtered off, washed with cold water, and dried. Yield: 2.88 g (96%), colorless crystals of mp 167-169°С (acetone). , F(000) = 624. The unit cell parameters and intensities of 12499 reflections (4326 independent, R int = 0.061) were measured on an Xcalibur-3 Diffractometer (MoK α radiation, ССD detector, graphite monochromator, ω-scanning to 2θ max = 60°). The structure was solved by the direct method using the SHELXTL program package [38] . The hydrogen atom positions were revealed by differential synthesis of electron density and refined according to the "rider" model with U iso = nU eq for the nonhydrogen atom bonded to a given hydrogen atom (n = 1.5 for methyl group, n = 1.2 for the rest of the hydrogen atoms). The amino group hydrogen atom participating in hydrogen bonds were refined in isotropic approximation. The structure was refined using F 2 full-matrix least-squares analysis in the anisotropic approximation for nonhydrogen atoms to wR 2 = 0.153 for 4261 reflections (R 1 = 0.064 for 2221 reflections with F > 4σ (F), S = 0.932). CCDC 1053043 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Pharmacology
Analgesic Test
The analgesic activity of the synthesized compounds was studied using the model of the thermal tail-flick procedure in white rats (Tail Immersion Test) by comparing those with similar structure, Piroxicam (Jenapharm, Germany) and Meloxicam (Boehringer Ingelheim, Germany), on [39] enabling judgment of the central effect on the nociceptive system. For this purpose, the rat's tail tip was immersed in a water bath heated to 54°С, and the latent period of the tail withdrawal (immersion) expressed in seconds was determined. The analgesic effect (in %) was assessed by the change of the latent period in 1 hour after introduction of the test substances and reference drugs. Seven experimental animals were involved to obtain statistically reliable results (the significance level of the confidence interval accepted in this work was p ≤ 0.05) in testing each of arylalkylamides 1а-s, reference drugs, and control. All substances under research, Piroxicam, and Meloxicam were introduced orally in the form of fine aqueous suspensions stabilized with Tween-80 in the dose of 20 mg/kg. The animals of the control group received an equivalent amount of water with Tween-80.
Conclusion
It has been experimentally proven that the direction of the reaction of alkyl 1-R-4-hydroxy-2,2-dioxo-1H-2λ amides are obtained with good yields. The regularities of the revealed "structure -activity" relationship are discussed. According to the results of the pharmacological study conducted, some compounds that deserve a deeper and more detailed pharmacological study have been found; among them is N-benzyl-4-hydroxy-1-methyl-2,2-dioxo-1Н-2λ 6 ,1-benzothiazine-3-carboxamide which is certainly the structure-leader as a new promising pain killer.
